BACKGROUND:
In a previous small retrospective study, the authors reported that hepatopulmonary syndrome was less common among liver transplant candidates at high-altitude centres compared with low-altitude centres. OBJECTIVE: To further explore the relationship between hepatopulmonary syndrome and altitude of residence in a larger patient cohort. METHODS: A cohort of 65,264 liver transplant candidates in the Organ Procurement and Transplantation Network liver database between 1988 and 2006 was analyzed. Hepatopulmonary syndrome diagnosis was determined during a comprehensive evaluation at a liver transplant centre by physicians who were experienced in the diagnosis and treatment of hepatopulmonary syndrome. The altitude of residence was determined for each patient by assigning the mean altitude of the zip code of residence at the time of entry on the wait list. Mean zip code elevation was calculated using the National Elevation Dataset of the United States Geological Survey, which provides exact elevation measurements across the entire country. RESULTS: Hepatopulmonary syndrome was significantly less common at higher resident altitudes (P=0.015). After adjusting for age, sex and Model for End-Stage Liver Disease score, there was a 46% decrease in the odds of hepatopulmonary syndrome with every increase of 1000 m of resident elevation (OR 0.54 [95% CI 0.33 to 0.89]). CONCLUSION: There was a negative association between altitude and hepatopulmonary syndrome. One plausible explanation is that the lower ambient oxygen found at higher elevation leads to pulmonary vasoconstriction, which mitigates the primary physiological lesion of hepatopulmonary syndrome, namely, pulmonary vasodilation. CONCLUSION : La relation entre l'altitude et le syndrome hépato-pulmonaire était inversement proportionnelle. Une explication plausible de ce phénomène serait que les taux d'oxygène ambiant plus faibles à haute altitude provoquent une vasoconstriction pulmonaire qui atténue la lésion physiologique primaire du syndrome hépatopul-monaire, c'est-à-dire la vasodilatation pulmonaire.
high-altitude transplant centres (Denver, Colorado, or Salt Lake City, Utah) compared with low-altitude centres (in North Carolina) (11) . The hypoxia associated with living at moderate altitudes possibly enhances pulmonary vasoconstriction to a degree sufficient to protect patients against the vasodilation that causes HPS.
The present study sought to further explore the relationship between HPS and altitude by using geographical information systems (GIS). We collected information regarding duration and severity of liver disease, the presence of HPS and the altitude estimate of zip code residence for all patients with end-stage liver disease who were listed on the national Organ Procurement and Transplantation Network (OPTN) liver transplant wait list database. We hypothesized that higher altitude would be associated with a lower prevalence of HPS among American orthotopic liver transplant candidates.
METHODS
The present study was a retrospective analysis of the characteristics of 65,264 patients on the OPTN liver transplant wait list from 1988 to 2006. The diagnosis of HPS was determined by the treating physician and transplant centre.
Altitude, the primary predictor variable, was determined for each patient by assigning the mean altitude of the zip code of residence at the time of entry onto the OPTN wait list. Mean zip code elevation was calculated using the National Elevation Dataset produced by the United States Geological Survey, which provides elevation measures for 30 m × 30 m geographical units across the entire United States (http://ned.usgs.gov/). National Elevation Dataset data were combined with zip code boundaries in GIS software, ESRI ArcGIS version 9.2, and calculated mean elevation for each zip code by averaging all of the 30 m × 30 m units within that zip code. Altitude was successfully matched to 60,262 (92.3%) patients on the wait list; these patients comprised the study group.
Additional covariates obtained from the OPTN database included age, sex and the raw Model for End-stage Liver Disease (MELD) score, an accepted measure of liver disease severity. MELD includes international normalized ratio, bilirubin and creatinine levels, and whether the patient underwent dialysis at least twice in the past week. While the MELD model was not adopted in the United States until February 2002, raw MELD scores were calculated for all participants based on their test scores.
Data analysis proceeded in three steps. First, demographic and clinical characteristics of the participants were summarized using means and SDs for measurement variables and proportions and 95% CIs for categorical data. Second, t tests and χ 2 statistics were used to test for bivariate associations between the primary outcome (ie, HPS) and participant characteristics, including age, sex and MELD score. A binary logistic regression was conducted to test for an association between altitude (in metres) of residence and the prevalance of HPS. Third, multiple logistic regression was performed to test for an independent, statistically significant association between HPS and altitude (as a continuous variable), after adjusting for age, sex and MELD score.
Patients with more severe liver disease were suspected to live preferentially at lower altitudes (a 'migration effect'). An association between altitude of residence and MELD score was tested for by calculating Pearson's correlation coefficient.
The present study was determined to be exempt from review by the Colorado Multiple Institutional Review Board.
RESULTS
Of the 60,524 patients, 262 (0.43% [95% CI 0.39% to 0.49%]) had a reported diagnosis of HPS. The majority (60.5%) of the participants were male. The mean (± SD) age of participants was 44.59±17.94 years (range <1 year to 84 years). Participants had a mean MELD score of 16.7±8.44 (range 6 to 77) and mean residence zip code altitude of 241.39±352.76 m (range 0 m to 3096 m). The mean MELD score of participants with HPS was 2.1 points lower than those without HPS (t=5.86; P<0.001). There was no correlation between MELD scores and altitude (Pearson's r=−0.005; P=0.27), suggesting that the distribution of severe illness was similar at lower and higher altitudes. Table 1 summarizes the prevalence rates of HPS at each successively higher altitude. The unadjusted logistic regression analysis showed that HPS was significantly less common at higher resident altitudes (P=0. 
DISCUSSION
The present study revealed a strong, negative association between HPS and altitude. While the reasons for this observation are unknown, several possibilities exist. Although the pulmonary vascular dynamics are complex in cirrhotic patients, one plausible explanation is that the lower ambient oxygen concentration found at higher elevation leads to pulmonary vasoconstriction, which mitigates the primary physiological lesion of HPS (namely, pulmonary vasodilation). Evidence of increased pulmonary vasoconstriction exists among residents at moderate and high altitudes (12) . In addition to residents living at altitude, travellers to altitude may also develop pulmonary hypertension due to pulmonary vasoconstriction. This is believed to occur when the alveolar partial pressure of oxygen is <70 mmHg, which corresponds to an altitude of approximately 2000 m, although lower altitudes can precipitate pulmonary vasoconstriction when anomalous pulmonary vessels are present (13) .
An alternative explanation is a 'migration effect'; that is, patients with symptoms or signs of HPS may relocate from higher to lower altitudes to lessen the effects of hypoxia (14) . However, we found that the distribution of severe illness in our study, as measured by MELD score, was similar at higher and lower elevations. Nevertheless, these data are cross-sectional, and cross-sectional data cannot establish a temporal sequence or causal relationship between altitude and prevention of HPS.
The prevalence of HPS in the present study (0.43%) was lower than expected and what has been reported in other publications (2) . This may be due to patients on the wait list who have subclinical HPS. The reasons for this is that there is no therapy for this condition and the severity of hypoxemia in many affected patients is minimal. We are unsure as to how this may have influenced our results.
The present study had several limitations. Most importantly, the OPTN dataset does not require treating physicians to adhere to strict diagnostic criteria before assigning a diagnosis of HPS; consensus regarding the definition of HPS was not achieved until 2004 (15) . As a result, the definitions of HPS in the study cohort may have varied across transplant centres over time. In addition, we did not have access to physiological variables to ensure the diagnosis of HPS in our patients. However, each of the patients in the present study underwent a comprehensive evaluation at a liver transplant centre by physicians who were experienced with the diagnosis and treatment of HPS. Additionally, we did not have access to other important clinical covariates (for example, smoking status, alcohol consumption) that could influence the severity of liver disease and the relationship between altitude and HPS. Some additional limitations are inherent in the GIS methods used to assign altitudes of residence. For example, we used the mean zip code altitude at time of entry into the liver transplant wait list for each patient; however, we were unable to determine patients' length of exposure at each altitude. In addition, the mean altitude of a zip code may not represent the true altitude of residence for every patient.
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SUMMARY
We report a lower prevalence of HPS in liver transplant candidates residing at high altitude, after considering demographic factors and severity of hepatic disease. These findings could further the understanding of HPS and its potential treatment. For example, if hypoxia-induced pulmonary vasoconstriction is protective in these patients, then therapies that specifically induce pulmonary vasoconstriction may prove to be effective.
